Purpose: This paper reports on the development of a new tear ferning (TF) subjective 30 grading scale, and compares it with the Rolando scale. 31
Introduction 54
The chemical analysis of tear film composition is difficult due to the small volumes 55 available, and to the transparent and dynamic nature of tears [1] . Clinicians and scientists 56 recognise that biochemical analysis of osmolarity and other key components in a tear sample 57 is the way forward, but the small volumes involved make biochemical analysis particularly 58 challenging [2, 3] . Techniques available are limited by the need for expensive equipment 59 that is difficult to use under normal clinical conditions [4] . A simple, clinical tear film test, 60 that is quick and inexpensive to perform, and can indicate the biochemical properties of the 61 tear film, would be very useful. [11−14] and early pregnancy [13, 15] . Ferning has also been used to test saliva [16] , to 71 consider the observation of salivary ferning as a new technique for determining the fertile 72 period [17] , and to correlate salivary ferning and the fertile period [18] , and using of salivary 73 ferning in ovulation detection in family planning [19] . The main difficulty with using the Rolando scale lies with this gross categorisation of 107 ferning patterns, restricting sensitivity -the variance around Types I and II is particularly 108 large -and not all types of tear ferning patterns are represented by the scale [22] . If the tear 109 ferning test is to become part of routine clinical examination of the tear film, it is important 110 to have a grading scale that has been developed to meet the needs of the clinician, and to 111 address the four fundamental design requirements of a grading scale [26] . 112
113
The aim of this paper is to report on the development of an improved subjective grading 114 scale for clinicians, and the comparison of the new subjective scale with the Rolando scale. 115 116 117
Methods

118
A digital image library was compiled from tear ferning patterns produced using a 119 standardised protocol, all images were observed under digital microscope (Leica DMRA2) 120 with 10X magnification, and all images were saved in JPEG file format [22] . In total, 560 121 images of tear ferning patterns were produced from tear samples collected from 157 subjects, 122 and all images were graded to 0.25 increments of the Rolando scale, for increased sensitivity 123 had the same magnification (10X) and was printed to the same size (12 x 10 cm), then 137 labelled with two random capital letters and laminated. Each volunteer was given a record 138 sheet, with a numeric table from 1−15, on which they recorded the alpha-code of each image 139 in the rank order they felt best matched the pattern progression between the two references 140
images. There was no time limit given and each volunteer was reminded that there was no 141 right or wrong ranking, only his or her opinion. A value (weighting) was assigned to each 142 position in the ranking (i.e. position 1 was worth 1 point, position 2 worth 2 points, position 143 7 worth 7 points, etc.). This produced 25 weighted rankings for each image, and the average 144 (and variance) weighting for each image was calculated ( Table 1 ). The data was normally 145 distributed (Kolmogorov-Smirnov; p>0.05). A one-way ANOVA was used to compare the 146 score weightings attributed to each image, and a statistically significant difference 147 (p<0.0005) was observed. Post-hoc Tukey HSD testing revealed seven homogeneous sub-148 sets, within which no statistically significant differences were found (Table 2) . 149
150
The seven groups, representing the homogeneity amongst the 15 images, supported the 151 strategy to use a single image from each group to represent the library: a new 7-item scale. 152
The mean score of the images in each sub-set was used to select a representative image 153 (Table 3) , and the image score closest to the mean was chosen to be representative of the 154 sub-set (Table 4 ). This produced seven images, selected to represent a new 7-point tear 155
ferning grading scale ( Figure 1) . 156 7 This new scale was then validated against the larger sample of sixty images. Twenty-five 158 optometrists, experienced in clinical grading attended the laboratory for two sessions. Each 159 observer was asked to grade all sixty library images displayed via a random slide-show 160 presentation (Microsoft PowerPoint). The images were displayed on the screen under 161 identical luminance and resolution (screen size 13.3 inch, and resolution of 1280 x 800 162 pixels) at each session. Volunteers were provided with the Rolando scale at one visit, and 163 the new 7-point scale at the other; with grading scale provision randomised for each observer 164 between visits. Observers were asked to grade each image using each grading scale to 0.25 165 increments, rather than the preferred 0.1 increments, as interpolation of the Rolando scale to 166 finer increments is problematic. Observers were not told which scale was a 'new' scale, in 167 order to avoid bias. At the end of the session, each observer was given the option to write 168 any comments on the ease of use of the grading scale. Furthermore, in order to assess the 169 reproducibility of grading using the scales, five observers were asked to return for four more 170 visits at which they repeated the grading, as above. 171 172 Data from both grading scales was not normally distributed (Kolmogorov-Smirnov; p<0.05), 173 and the median grade for each image was calculated. While the appropriate statistical 174 comparisons were made between the grades given by the 25 observers for each of the 60 175 library images (Kruskal-Wallis), the analysis was also repeated with ANOVA to facilitate 176 post-hoc testing, which was used to detect/confirm homogeneous sub-sets. Reproducibility 177 was assessed using paired testing between sessions, and mean differences (and their 178 confidence intervals were calculated). 
Grading of image library using the Rolando Scale 186
The median grades for each Type were calculated (Table 5) , indicating non-linearity across 187 the scale, i.e. small difference between Types I and II, but large between Types III and IV. 188
The variance around each grade also differed. 189
190
The non-parametric equivalent of ANOVA (Kruskal-Wallis Test) was used to compare the 191 scores for the 60 images using the Rolando scale and a statistically significant difference was 192 found between the grades (p<0.001; Figure 2 ). Post-hoc testing indicated that homogeneous 193 sub-sets existed, but there was little distinction between Types I and II (Table 6) . 194 195
Grading of image library using the new 7-point scale 196
The mean grade and standard deviation for each image (Figure 3) showed an overlap 197 between Grades 2 and 3, and between Grades 6 and 7. A one-way ANOVA found a 198 statistically significant difference between all grades (p<0.001), and Tukey's HDS test 199 identified 5 homogeneous sub-sets within the 7-point scale by combining Grades 2 and 3 and 200
Grades 6 and 7 into one grade each (Table 7) . This analysis produced a final tear ferning 201 grading scale with five images (Figure 4 
